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(54) Alternating current generator lor vehicle 

(57) -Xl^e generator comprises a stator core 4 in 
which a three-phase stator coil 5 is wound and inserted 
into slots, a first rotor core 8 and a second rotor core 9 
which are provided in the side of an inner diameter of 
this stator core 4 and rotate with a rotating shaft 7, a 
field coil 1 0 for magnetizing these first and second rotor 
cores 8 and 9 in different magnetic poles, and a plurality 
of magnetic poles 23 and 24 which are provided so as 
to extend to an axial direction of the rotating shaft 7 from 
the first and second rotorcores 8 and 9 and are arranged 
so as to have engagement alternately through predeter- 
mined gaps 26 and 26 between the magnetic poles and 
are opposite to the surface of the inner diameter of the 
stator core 4, and it is configured so that these nnagnetic 
poles 23 and 24 have a plurality of parts 23a, 24a and 
23b, 24b in the axial direction and are stepwise formed 
and the respective parts are set to different widths in a 
rotational direction. 
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Description 

BACKGROUND OF THE iNVENTION 

[0001] This invention relates to an alternating current 
generator for vehicle having a rotor of claw pole type. 
[0002] Figs. 13 to 17 show a configuration of a con- 
ventional alternating current generator for vehicle. Fig. 
13 is a sectional view of the generator, and Fig. 14 is a 
perspective view of a rotor, and Fig. 1 5 is a perspective 
view of a stator, and Fig. 16 is a perspective view of a 
statorcore, and Fig. 1 7 is a plane view showing a shape 
of nnagnetic poles of the rotor. In the drawings, numeral 
1 is a front bracket, and numeral 2 is a rear bracket, and 
numeral 3 is a stator sandwiched between the front 
bracket 1 and the rear bracket 2. The stator 3 connphses 
a stator core 4 and a three-phase stator coil 5 inserted 
into a slot 4a of the stator core 4 as shown in Figs. 1 3, 
15 and 16. 

[0003] In Figs, 1 3 and 1 4, numeral 6 is a rotor of claw 
pole type. The rotor 6 comprises a rotating shaft 7 whose 
both ends are supported by the front bracket 1 and the 
rear bracket 2, a first rotor core 8 and a second rotor 
core 9 mounted on this rotating shaft 7, a field coil 10 
wound between both of the rotor cores 8 and 9, fans 1 1 
and 12 provided in the back of both of the rotor cores 8 
and 9, a pulley 13 provided outside the front bracket 1 
side of the rotating shaft 7, and a slip ring 14 provided 
inside the rear bracket 2 side of the rotating shaft 7 for 
supplying a current to the field coil 1 0. Numeral 15 is a 
brush for supplying a current to the slip ring 14, and nu- 
meral 1 6 is a brush holderfor holding this brush 15, and 
numeral 1 7 is a commutatorfor commutating altemating 
current output of the stator coil 5, and numeral 18 is a 
regulator for regulating a current of the field coil 10 to 
control an output voltage of the stator coil 5. 
[0004] Numerals 1 9 and 20 are magnetic poles axially 
extending to the inner diameter of the stator core 4 from 
the first rotor core 8 and the second rotor core 9 through 
a predetenmined air gap. A plurality of the magnetic 
poles 1 9 extending from the first rotor core 8 and the 
magnetic poles 20 extending from the second rotor core 
9 are respectively provided according to the number of 
poles of the generator and are arranged so as to have 
engagement alternately through predetennined gaps 21 
and 22 between the magnetic poles and are magnetized 
in north poles and south poles alternately by excitation 
of the field coil 10. Also, the magnetic poles 1 9 and 20 
are formed into an isosceles trapezoid whose width is 
narrowed in the rotational direction toward the top end 
as shown in Fig, 17, and both the end surfaces of the 
rotational direction are formed in a straight line at a pre- 
detemnined angle of inclination and thus, a line pitch be- 
tween centerlines indicated by broken lines of the gaps 
21 and 22 between the magnetic poles also changes in 
a straight line as shown in Fig. 17. 
[0005] In order to improve efficiency of the generator 
generally, the centerlines indicated by the broken lines 



of the gaps 21 and 22 between the magnetic poles are 
set so as to incline in the range from about 60° to about 
120" where an electrical angle between the adjacent 
magnetic poles 19 and 20 is set to 1 80° and, for exam- 

5 pie, the center of the magnetic pole 19 is set to 0° as 
shown in Fig. 1 7. Also, chamfered parts 1 9a and 20a for 
smoothing a magnetic flux density of the air gap formed 
between the magnetic poles 1 9, 20 and the stator core 
4 and suppressing electromagnetic noise are formed in 

10 the corner of the outer surface opposite to the stator core 
4 of the magnetic poles 1 9 and 20 and both the end sur- 
faces of the rotational direction. 

[0006] In the conventional alternating current gener- 
ator for vehicle formed in this manner, when current is 

15 passed through the field coil 10 from a battery (not 
shown) mounted in the vehicle via the brush 15 and the 
slip ring 14, the magnetic poles 19 and 20 are excited 
alternately in the north pole and the south pole and the 
rotor 6 is driven by an internal combustion engine 

^0 through the pulley 13 and thereby, the magnetic poles 
1 9 and 20 give a rotating magnetic field to the stator core 
4 and a three-phase alternating current voltage is gen- 
erated in the stator coil 5 and this alternating current 
voltage is commutated by the commutator 17 for direct 

^5 current and electric: power is supplied to a load (not 
shown). Then, the regulator 18 holds an output voltage' 
of the stator coil 5 to a constant value by controlling the 
passed current of the field coil 10. 
[0007] in the altemating current generator for vehicle 

30 as described above, the rotating magnetic field given to 
the stator core 4 by the magnetic poles 1 9 and 20 is not 
a complete sine wave but a waveform including higher 
harmonics, and also an output current given to the load 
by power generation of the stator coil 5 is a current in- 

35 eluding higher harmontes. In operation of the generator, 
electromagnetic attraction force occurs between the 
magnetic poles 19, 20 and the stator core 4 due to in- 
teraction between the rotating magnetic field Including 
higher harmonics and a magnetic field caused by an out- 

40 put current including higher harmonics, and this electro- 
magnetic attraction force acts as applied vibration force, 
with the result that the stator core 4 and the magnetic 
poles 1 9, 20 vibrate to cause electromagnetic noise. Es- 
pecially, a particularhigher harmonic component among 

^5 this electromagnetic noise interferes with quietness in 
the vehicle as abnormal sound, and various measures 
of noise have been taken. 

[0008] For example, a technique disclosed in JP-A- 
54-134309 is also one of the measures of noise, and 

50 this technique notes that change in torque caused by 
periodic passage of the magnetic poles 19 and 20 ar- 
ranged at regular pitches through the side of an inner 
diameter of teeth 4b arranged at regular pitches of the 
stator core 4 shown in Fig. 16 acts as applied vibration 

55 force to the stator core 4, and noise intends to be re- 
duced by setting arrangement of the magnetic poles ,19 
and 20 at irregular pitches. According to this technique, 
the noise resulting from vibration the stator core 4 due 
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to the change in torque is reduced, but the noise result- 
ing from the electronnagnetic attraction force between 
the stator core 4 and the magnetic poles 1 9, 20 cannot 
be reduced. Also, in this technique, for example, since 
the gaps 21 and 22 betv/een the magnetic poles provid- 
ed between the magnetic poles 1 9 and 20 shown in Fig. 
1 4 are set at irregular pitches, the narrow gaps between 
the magnetic poles occur, so that there were side effects 
that a leakage magnetic flux between the magnetic 
poles 1 9 and 20 increases and output of the generator 
decreases. 

[0009] The invention is implemented to solve such 
problems, and it is an object of the invention to obtain 
an alternating current generator for vehicle capable of 
effectively suppressing occurrence of abnormal sound 
without decrease in performance by reducing applied vi- 
bration force of higher harmonic components which can 
possibly become noise. 

[0010] An alternatingcurrent generator for vehicle ac- 
cording to the invention comprises a stator core in which 
a three-phase stator coil is wound and inserted into 
slots, a first rotor core and a second rotor core which 
are provided in the side of an inner diameter of this stator 
core and rotate with a rotating shaft, a field coil for mag- 
netizing these first and second rotor cores in different 
magnetic poles, and a plurality of magnetic poles which 
are provided so as to extend to an axial direction of the 
rotating shaft from the first and second toior cores and 
are arranged so as to have engagement alternately 
through predetermined gaps between the magnetic 
poles and also are opposite to the surface of the inner 
diameter of the stator core through an air gap, and by 
forming these magnetic poles in a stepwise shape hav- 
ing a plurality of parts in the axial direction and setting 
the respective parts to different widths in a rotational di- 
rection, a pitch of the rotational direction between cen- 
teriines of the gaps between the adjacent magnetic 
poles is configured so as to change stepwise in the axial 
direction. 

[0011] Also, the pitch ot the rotational direction be- 
tween the centerlines of the gaps between the adja. ont 
magnetic potes is set to the range from 20O** to 220"* in 
a first part and the range from 140° to 160° in a second 
part using an electrical angle. Further, the pitch of the 
rotational direction between the centerlines of the gaps 
between the adjacent magnetic poles is set to the range 
from 220'' to 230^ in a first part, the range from 1 90^ to 
200" in a second part, the range from 160" to 170** in a 
third part and the range from 130*' to 140** in a fourth 
part using an electrical angle. 

[0012] Also, an alternating current generator for vehi- 
cle comprises a stator core in which a three-phase stator 
coil is wound and inserted into slots, a first rotor core 
and a second rotor core which are provided in the side 
of an inner diameter of this stator core and rotate with a 
rotating shaft, a field coil for magnetizing these first and 
second rotor cores in different magnetic poles, and a 
plurality of magnetic poles which are provided so as to 



extend to an axial direction of the rotating shaft from the 
first and second rotor cores and are arranged so as to 
have engagement alternately through predetermined 
gaps between the magnetic potes and also are opposite 

5 to the surface of the inner diameter of the stator core 
through an air gap, and these magnetic poles are 
formed in a substantially trapezoid shape of taper to the 
axial direction and also a part with a large angle of incli- 
nation to the axial direction is provided in the center of 

10 the axial direction and the axiai length of this part is set 
to 30 % or shorter to the whole axial length of the mag- 
netic poles. 

[0013] Further, corners formed by the surface oppo- 
site to the inner diameter of the stator core of the mag- 
15 netic poles and both sides of the rotational direction are 
chamfered. Furthermore, the number of slots per phase 
every pole provided in the stator core is one. Also, the 
number of slots per phase every pole provided in the 
stator core is two. 

20 

BREIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

^5 Fig. 1 is a plane view showing a shape of magnetic 

poles of an alternating current generator for vehicle 
of a first embodiment according to this invention; 
Fig. 2 is an illustration of the alternating current gen- 
erator for vehicle of the first embodimieni according 

30 to the invention; 

Fig, 3 is an Illustration of the alternating current gen- 
erator for vehicle of the first embodiment according 
to the invention; 

Fig. 4 is a composite view of a higher harmonic il- 
35 lustrating effects of the alternating current genera- 
tor for vehicle of the first embodiment according to 
the invention; 

Fig. 5 is a plane view showing a shape of magnetic 
poles of an alternating current generator for vehicle 
of a second embodiment according to the invention; 
Fig. 6 is a plane view showing a shape of magnetic 
poles of an alternating current generator for vehicle 
of a third embodiment according to the invention; 
Fig. 7 is an illustration of the alternating current gen- 
-^5 eratorfor vehicle of the third embodiment according 
to the invention; 

Fig. 8 is an illustration of the alternating current gen- 
eratorfor vehicle of the third embodiment according 
to the invention; 
50 Fig. 9 is a composite view of a higher harmonic il- 
lustrating effects of the alternating current genera- 
tor for vehicle of the third embodiment according to 
the invention; 

Fig. 1 0 is a plane view showing a shape of magnetic 
55 poles of an alternating current generator for vehicle 

of a fourth embodiment according to the invention; 
Fig. 11 is an illustration of the alternating current 
generator tor vehicle of the fourth embodiment ac- 
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cording to the invention; 

Fig. 1 2 is a plane view showing a shape of magnetic 
poles of an alternating current generator for vehicle 
of a fifth embodiment according to the invention; 
Fig. 13 is a sectional view showing a configuration 
of a conventional altemating current generator for 
vehicle; 

Fig. 1 4 is a perspective view showing a configura- 
tion of a rotor of the conventional alternating cunent 
generator for vehicle; 

Fig. 15 is a perspective view showing a configura- 
tion of a stator of the conventional alternating cur- 
rent generator for vehicle; 

Fig. 1 6 is a perspective view of a stator core of the 
conventional alternating current generator for vehi- 
cle; and 

Fig. 1 7 is a plane view showing a shape of magnetic 
poles of the conventional alternating current gener- 
ator for vehicle, 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 

[0015] Figs. 1 to 4 are configuration views and illus- 
trations of an alternating current generator for vehicle of 
a first embodiment according to this invention, and Fig. 
1 is a plane view showing a shape of magnetic poles, 
and Figs. 2 to 4 are Illustrations of higher harmonics 
which generate a magnetic flux density and become a 
factor of noise. Also, the whole configuration of the al- 
ternating current generator for vehicle and a configura- 
tion of a rotor are similar to the above-mentioned con- 
ventional example shown in Figs. 13 and 14, and only 
a configuration portion of the magnetic poles different 
from the conventional example will be descnbed here, 
in Fig. 1 , numeral 8 is a first rotor core provided in a rotor 
of the alternating current generator for vehicle and nu- 
meral 9 Is a second rotor core. There are provided mag- 
netic poles 23 and 24 which axiatly extend to the inner 
diameter of a stator core 4 from the first rotor core 8 and 
the second rotor core 9 through a predetermined air gap 
and are arranged so as to have engagement alternately. 
The magnetic poles 23 and 24 comprise first parts 23a 
and 24a, and second parts 23b and 24b with a different 
width in the rotational direction, respectively, and they 
are stepwise formed In the axial direction, and also the 
first parts 23a and 24a are set to an electrical angle of 
21 0** at a pitch between the centerlines shown by broken 
lines of gaps 25 and 26 between the magnetic poles, 
and the second parts 23b and 24b are also set to an 
electrical angle of 160** similarly. 

[0016] Applied vibration force due to electromagnetic 
attraction force between the stator core 4 and each the 
magnetic pole 23, 24 mentioned as the causa of noise 
in the paragraph of the problems will be described in 
detail below. That is, in a three-phase alternating current 
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generator where the number of sJots4a of the stator core 
4 per phase every pole is oneThe applied vibration force 
of the orderof threetimes the number of magnetic poles 
to one rotation of the rotor of the generator appears re- 

5 markably, and the applied vibration force of the order of 
six times the number of magnetic poles to one rotation 
of the rotor has a little influence. Also on the contrary, in 
a three-phase alternating current generator where the 
number of slots 4a of the stator core 4 per phase every 

10 pole is two, the applied vibration force of the order of six 
times the number of magnetic poles to one rotation of 
the rotor appears remarkably, and the applied vibration 
force of the order of three times the number of magnetic 
poles to one rotation of the rotor has a little influence. 

'5 [0017] This applied vibration force of the order of three 
times the number ot magnetic poles mainly occurs from 
a composite value of interaction between a 5p-order 
spatial higher harmonic to one rotation of the rotor of the 
rotor side and a 5p-order spatial higher harmonic due to 

^0 a current of the stator coil side with Interaction between 
a 7p-order spatial higher harmonic of the rotor side and 
a 7p-order spatial higher harmonic due to a current of 
the stator cot! side in case where the number of mag- 
netic pole pairs is p (p=P/2 if it is assumed that the 

25 number of magnetic poles is P), Also, the applied vibra- 
tion force of the order of six times the number of mag- 
netic poles mainly occurs from a composite value of in- 
teraction between a lip-order spatial higher harmonic of 
the rotor side and a lip-order spatial higher harmonic of 

30 the stator coil side with interaction between a 1 3p-order 
spatial higher harmonic of the rotor side and a 1 3p-order 
spatial higher harmonic of the stator coil side. Thus, in 
order to reduce the electromagnetic applied vibration 
force to improve electromagnetic noise, it is effective to 

35 reduce the Bp-order and 7p-order spatial higher har- 
monics of the rotor side in the generator where the 
number of slots per phase every pole is one and the lip- 
order and 1 3p-order spatial higher harmonics in the gen- 
erator where the number of slots per phase every pole 
is two. 

[0018] This will be described in detail below using Fig. 
17 employed in explanation of the conventional exam- 
ple. For the generator having the magnetic poles with 
substantially trapezoid as shown in Fig. 1 7, a widthwise 
dimension of two-dimensional cross section of the mag- 
netic poles sectioned in a plane vertical to the rotating 
shaft 7, namely a line pitch between centerljnes of the 
gaps between the adjacent magnetic poles straightly 
changes depending on an axial position, so that the am- 

50 plitude and phase of the spatial higher hanmonics con- 
tinuously change depending on the axial position. In oth- 
er words, each order component of the spatial higher 
harmonics exists with the order components continu- 
ously changing depending on the position of an arrow 

55 7-direction of Fig. 17andthezpositioninwhich theorder 
component of the spatial higher harmonics becoming a 
factor of the electromagnetic noise is increased exists, 
with the result that the electromagnetic applied vibration 



force of thi^ order component brings about resonance 
of the stator core or the magnetic poles to iticrease the 
electromagnetic noise. 

[0019] The annplitude and phase of the 5p-order high- 
er harmonic among these order components of the high- 
er harmonics to a pitch of the magnetic poles are shown 
in Fig, 2. The axis of abscissa of Fig. 2 indicates the pole 
pitch of the magnetic poles by an electrical angle, and 
the center of one magnetic pole is 0" and the center of 
the adjacent magnetic pole is tc, namely 1 80"* as shown 
in Fig. 1 7. Then, the centerline of the gaps between the 
magnetic poles exists in the range from 57° to 123** as 
shown by thin lines in Fig. 2. and also the range from 
1 80"* to 360° is symmetric with respect to a line of 1 80° . 
[0020] ia general, the 5p-order higher harmonic of 
such a generator is distributed between the pitch of the 
magnetic poles as shown in Fig. 2. and becomes the 
minimum value at positions of ±90* /5 around 90°. 
namely 72° and 108°, and also the phase of the tiigher 
harmonic reverses by 180"* every 36^ (180*^ /5) as 
shown by a broken line. Fig. 3 shows the 7p-order higher 
harmonic similarly and indicates thatthe phase reverses 
by 1 80° every 1 80° 11. As described above, in the three- 
phase alternating current generator where the number 
of slots of the stator core per phase every pole is one, 
the applied vibration force of the three times order ap- 
pears remarkably and is generated by composition ot 
the 5p-order spatial higher harmonic with the 7p order 
spatial higher harmonic, and this is shown in Fig, 4, 
[0021 ] Fig. 4 is the composition of the 5p-order spatial 
higher harmonic of Fig. 2 with the 7p-order spatial higher 
harmonic of Fig. 3 assuming that the peak value is 7:5, 
namely the peak value of n-order higher harmonics Is 
1/n). As is evident from Fig. 4, in a composite waveform 
of the 5p-order and the 7p-order, the small amplitude 
portions of the composite wave exist in the range from 
70° to 80° and the range from 100° to 110° using an 
electrical angle, and it is indicated that if the interface 
between the magnetic poles, namely the centerline ot 
the gap between the magnetic poles exists in positions 
of these small amplitude portions, the applied vibration 
force of the three times order is reduced and the elec- 
tromagnetic applied vibration force decreases in the 
three-phase alternating current generator where the 
number of slots of the stator core per phase every pole 
is one and thereby the electromagnetic noise is re- 
duced. Then, when the positions are replaced with a 
pitch between the centerlines of the gaps between the 
magnetic poles, the pitch corresponds to the range from 
140° to. 160° and the range from 200° to 220° . 
[0022] In the alternating current generator lor vehicle 
of the first embodiment of the invention, as shown in Fig. 
1 , the pitch between the centerlines of the gaps 25 and 
26 between the magnetic poles is set to an electrical 
angle of 21 0° in the first parts 23a and 24a and is sot to 
an electrical angle of 150° in the second parts 23b and 
24b and is selected so thatthe amplitude of the cSectro- 
magnetic applied vibrationt force of the three time^^ order 



becomes small, with the result that the electromagnetic 
applied vibration force of the three times order to the 
magnetic poles 23 and 24 is considerably reduced and 
a configuration of the rotor capable of remarkably de- 
5 creasing the electromagnetic noise by use in the gener- 
ator where the number of slots of the stator core per 
phase every pole is one can be obtained. 

(Second Embodiment) 

[0023] Fig. 5 is a plane view showing a shape of mag- 
netic poles of an alternating current generatorfor vehicle 
of a second embodiment according to the invention. 
This embodiment is implemented to reduce the electro- 
ns magnetic applied vibration torce of the three times order 
in a three-phase alternating current generator where the 
number of slots of the stator core per phase every pole 
is one similar to the first embodiment. In this embodi- 
ment, as shown in Fig. 5, magnetic poles 23 and 24 
which axially extend from a first rotor core 8 and a sec- 
ond rotor core 9 comprise first parts 23a and 24a, and 
second parts 23b and 24b with a different width in the 
rotational direction, respectively. The first parts 23a and 
24a are slantingly formed so that a pitch between the 
■^5 centerlines of gaps 25 and 26 between the magnetic 
poles is set to an electrical angle of 220** to 200°, and 
the second parts 23b and 24b are slantingly formed so 
that the line pitch is set to an electrical angle of 1 40° to 
160°. By such a configuration, the pitch between the 
30 cente dines of the gaps between the magnetic poles is 
selected so that the amplitude of the electromagnetic 
applied vibration force of the three times order becomes 
small and the electromagnetic noise can be reduced 
similar to the first embodiment. 

35 

frhird Embodiment) 

[0024] Figs. 6 to 9 are configuration views and Illus- 
trations of an alternating current generator for vehicle of 

^0 a third embodiment according to the invention, and Fig. 
6 is a plane view showing a shape of magnetic poles, 
and Figs. 7 to 9 are illustrations of higher harmonics 
which generate a magnetic pole and become a factor of 
noise. This embodiment adapts to a three-phase alter- 

^5 nating current generator where the number of slots of 
the stator core per phase every pole is two. As described 
in the first embodiment, in the case where the number 
of slots of the stator core is two, the applied vibration 
force of the order of six times the number of magnetic 

50 poles appears remarkably and Is generated by compo- 
sition ot a 11 p-order spatial higher harmonic with a 13p- 
order spatial higher harmonic. Fig. 7 shows the ampli- 
tude and phase of the Hp-order higher harmonic to a 
pitch of the magnetic poles, and Fig. 8 shows the am- 

55 plitude and phase of the 1 3p-order higher harmonic to 
a pitch of the magnetic poles. Also. Fig. 9 is the compo- 
sition of the 1 1 p-order spatial higher harmonic of Fig. 7 
with the 13p-order spatial higher harmonic ot Fig. 6 as- 
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vided in said stator core is two. 
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FIG. 3 
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FIG.4 
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FIG. 8 
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FIG. 13 
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